ABSTRACT. Stations in a survey of benthic invertebrates on the Canadian continental shelf and slope of southeastern Baffin Island, in Ungava Bay, and on the northern Labrador Shelf, fell into definite groups as a result of an objective analysis of similarity in species composition. The groupings were shown to correspond to major water masses in the area. Groups corresponding to cold surface water masses, to the deep Irminger Atlantic water mass, and to mixtures of these with adjacent water masses were observed. The Irminger Atlantic group dominated on the Baffin Island continental shelf. Species diversity, also measured in the study, was high, with large numbers of species present in low abundance.
INTRODUCTION
No major quantitative studies have been conducted on the distribution of benthic invertebrates on the Canadian continental shelf of southeastern Baffin Island and Ungava Bay. The Culunus expeditions made qualitative collections of the nearshore and shallow water fauna of the region. Studies of the Culunus collections and of collections from earlier expeditions advanced knowledge of the taxonomy and zoogeography of benthic invertebrates in the area. Notable recent studies include those of amphipods (Dunbar, 1954) , polychaetes (Grainger, 1954) , echinoderms (Grainger, 1955) , decapods (Squires, 1962) , bivalves (Lubinsky , 1980) , prosobranch gastropods , chitons and scaphopods (Macpherson, 1971) , bryozoans (Powell, 1968) , hydroids (Calder, 1970 (Calder, , 1972 , and ascidians (Trason, 1964) .
Ecological studies of Canadian eastern arctic benthos include those by Ellis (1960) , who examined quantitatively infaunal invertebrate abundance and standing crop in shallowwater coastal areas of northern Baffin Island and West Greenland and summarized communities down to 200 m; Grainger (1979, who reported benthic standing crop from several grabs from the "Calanus Shelf" in Frobisher Bay; Wacasey et al. (1980) , who reported standing crop and species composition near Brevoort Island on the southeastern Baffin Island coast; and Thomson (1982) , who studied standing crop and community structure of marine benthos in Lancaster Sound, Eclipse Sound and northern and central Baffin Bay.
The deeper subtidal invertebrate fauna of the Davis Strait (Canadian side) has been sampled occasionally. Several stations were occupied by the Godthaab Expedition of 1928, and benthic invertebrates were samr ,led b: y the R. .V. Hero in western Davis Strait at depths from 132 to 192 m (Dearborn and Dean, 1969a,b; Blake and Dean, 1973) .
The Greenland side of Davis Strait has received more study, as a result of research interest dating back to the turn of the century. The Ingolf Expedition (1 895-96) sampled deep stations on the West Greenland side of Davis Strait, and the Godthaab Expedition sampled .the shelf waters along the West Greenland coast and into Baffin Bay. More recently, quantitative studies have been conducted in shelf areas down to approximately 200 m in conjunction with exploratory petroleum drilling there (Marine Identification Agency, 1978) , and biological observations from Godthaab have continued (Curtis, 1977 (Curtis, , 1979 Petersen, 1977) .
Beginning in 1976 and continuing through 1979 a consortium of oil exploration companies including Esso Resources Canada Limited, Aquitaine Company of Canada Limited and Canada Cities Service Limited, conducted an environmental baseline study of the continental shelf and slope of southeast Baffin Island and Ungava Bay under the Eastern Arctic Marine Environmental Studies (EAMES) program of the Canadian government, prior to receiving permission to drill exploratory wells in the area. The following presents the major findings of aspects of the baseline study dealing with marine macroinvertebrates. These aspects include distribution of the most abundant and widespread species, community diversity, and results of an analysis to determine the importance of water masses and water temperature in the distribution of species. As such it is the first quantitative study of macroinvertebrates in the area. The macroinvertebrates collected in the baseline study represent a significant addition to national holdings of Canadian marine invertebrate fauna. Information on standing crop of benthic macroinvertebrates gathered in the baseline study has been reported elsewhere (Stewart, 1983) .
METHODS

Field Program
Sampling took place in August-September 1977 and April 1978 on cruises of the M.V. Lady Johnson ZZ. Station locations are shown in Figure 1 and positions are listed in Table 1 Samples with volumes near the maximum obtained at a given station were used for quantitative analysis. Samples were agitated in buckets with running seawater, and overflow water containing animals was passed through an 0.42 mm sieve.
Animals and sediment that did not pass through the sieve were stored in 10% formalin. A Hessler and Sanders epibenthic sled was towed at each station for 20 minutes at speeds of 1-4 knots to sample macroinvertebrates living in the vicinity of the sediment-water interface. Mesh size on the sled net was 1 mm. Sled contents were preserved in 10% formalin. Because of time constraints on project completion, the majority of sled samples could not be examined. These samples and all other invertebrate material collected in the benthic program are presently held by National Museums Canada, Museum of Natural Sciences, Ottawa.
Sediment samples were taken for grain-size analysis at most benthic stations, and from grabs taken opportunistically at a number of other locations, with the aim of obtaining a broad picture of the sediments in the study area.
Bottom water temperatures at benthic stations shallower than 200 m were measured by bathythermograph and at deeper stations were obtained from the results of physical oceanographic measurements made in the southern Davis Strait during the baseline environmental program (Osborn et al., 1978) and from Fisheries and Oceans Canada, which conducted a shrimp survey that encompassed most stations in this study in August 1978 (H. Sandeman, pers. comm. 1980 ). In the absence of bottom water salinity information for many of the stations, bottom temperature was used in conjunction with information on distribution of water masses in the area at the time of the survey (Osborn et al., 1978) and historically (Dunbar, 1951 ; Lee, 1968) to determine the identity of water masses likely to influence the benthos at a given station.
Laboratory Analysis
Polychaetes, molluscs, echinoderms, and crustaceans were identified to species; most other invertebrate taxa were identified to practical taxonomic levels. The results of all preliminary analyses are contained in MacLaren Marex Incorporated (1978 Incorporated ( , 1979 .
Abundance information for polychaete, mollusc, echinoderm, and crustacean species from each grab at each station was used to calculate the average abundance of each species. The Shannon-Wiener diversity index (H') (Pielou, 1974) and Pielou's (1974) evenness index (J') were calculated from the pooled species abundance and total number of species at each station. To estimate the variation in the diversity measurements at a given station, the Shannon-Wiener index was calculated for each grab sample and averaged to give a station value and standard deviation. This average value will nearly always be smaller than the true diversity (Pielou, 1974) .
Abundance information was used in a numerical clustering procedure to separate dominant groupings of stations and species. A matrix of similarity coefficients (Czekanowski Quantitative; Stephenson et al., 1972) was computed from a data set consisting of the log transformed numerical abundance of each species present at a given station in greater than 0.5% of mean abundance'and also present at two or more stations. The reduced species list thus consisted of 138 species. The log transformation (log (x + 1)) was used in this case because the Czekanowski index is sensitive to extremely large values in the data (Boesch, 1973) , of which there were several. The clustering strategy used was hierarchical with flexible sorting since it clusters sharply (Stephenson et al., 1972) . In clustering stations, the flexible sorting strategy produced clusters identical to those obtained using an alternate strategy, group average sorting. Analyses were run on the "ORDANA" portion of a package of computer programs by Bloom et af. (1977) .
Sediment grain size distribution from each station was determined by wet sieving and pipette analysis of the greater than 4 phi fraction of each sample. Sediment analyses are presented in detail in Stewart (1983) and only qualitatively here to support the data on species composition.
RESULTS
Sediment Type
Sediment types at benthic stations are illustrated in Figure 2 . Most stations had substrate consisting of sand-silt-clay mixtures with two main groupings, sand and siltclay. The field descriptions of sediments for stations 22 and 33, at which sediment samples were not taken, were "a silty clay" and "a coarse sand with rocks and gravel" respectively. No estimate of variability of sediment composition was available, as only a single sample was taken at most stations. However, station 41 sediments showed high variability as indicated by analysis of three separate samples taken there (Fig. 2) .
Stations deeper than 600 m had fine sand-silt substrate; that at the deepest stations was predominantly silt and clay. Substrate at station 4 was a brown ooze containing large quantities of sponge spicules. In the present study, some stations occurred in each of the major water masses. Five stations were directly or indirectly influenced by the Baffi Island Current. Stations 18, 33 and 80, at temperatures near 0°C (Table 1 ) occurred under Baffin Island Current water, while stations 20 and 59A occurred in mixed waters of which this water mass was a major component. Station 20 lay on 64"N latitude within 25 km of the zone of rapid temperature change, that indicates the mixing zone between the Baffin Island Current and the Irminger Atlantic water mass lying below it (Osborn et af., 1978) and had intermediate bottom water temperatures. Station 59A, the most southerly station in the study (Fig. l) , was evidently in a mixing zone between Labrador Current water and deeper, warmer Atlantic Intermediate water.
Stations 39A, 41 and 49 occurred under the Irminger Atlantic water mass, stations 22 and 27 lay in the Atlantic Intermediate water mass, and stations 82 and 84 in Ungava Bay were exposed to cold water flowing out of Hudson Strait. Stations 4 and 6 , at the northern limit of the study area and marginally on the Baffin Bay side of the Baffin-Greenland sill in the Davis Strait, were probably exposed to mixtures of water of Baffin Bay and Irminger Atlantic origin, with the colder Baffin Bay water types predominating, as evidenced by the low bottom water temperatures observed (Table 1) .
Species Distribution
Benthic macroinvertebrate species used in the cluster analysis and their abundance at each station are presented in Table 2 . The analysis, with species as attributes, separated stations isto two groups (Fig. 3) . The first (Fig. 3,A) contained mainly stations having in common shallow depth (< 300 m) and cold bottom water; two stations, 20 and 59A, were shallow but slightly warmer owing to their location near the boundary between a cold and a warm water mass. The second major group (Fig. 3,B) contained stations that were deep P.L.
etal. (> 300 m) and, with the exception of stations 4 and 6 , were under warm bottom water.
Subgroups of both groups A and B were generally stations occurring under a particular water mass. Stations in group A,, except station 33, occurred under Hudson Strait outflow from the Canadian Arctic Archipelago; those in group A2 occurred under Baffm Island current or mixtures thereof; and station 80 was located in a region of possible mixing between the two. The anomalously large similarity of stations 33 and 82 (Table  3) , in fact the largest of any in the study, conflicts with the above interpretation but it may be an artifact of the fact that only one grab sample from station 33 was analysed for species composition. The stations are alike in the dominant species present but are otherwise dissimilar in number of species present and total number of individuals.
Stations in group B, (39A, 41 and 49) were under Irminger Atlantic water and grouped closely, with stations 39A and 41 the most similar of any deep-water station pair. Stations 6 and 27 (group B,) were located on the margin of the Irminger Atlantic water mass, and stations in group B3 (4 and 22) did not appear to correspond to a definite water mass. These stations were the least similar of any station pair and were the last to group in the cluster analysis. Clusters of species similar on the basis of common stations at which they are found showed a correspondence of species distribution with depth and water temperature (Fig. 4) . Species in groups 1-1, 5 to 6-2, and 7 were distributed in greatest abundance at relatively deep, warm stations, those in groups 1-2 and 2 mainly at shallow, cold stations, and those in groups 3, 4-2, and 6-3 mainly near boundaries between warm and cold water masses. Species that clustered in groups 4-1 and 8 were found mainly at stations influenced by the Baffin Island Current. Some cosmopolitan species occurred in many of the above groupings (subgroups 1-2a,l-2~,2-2b,5-lb, and 5-IC).
Only a few of the species groupings appeared to result from substrate preference. Species in subgroups 2-lb and 2-2a were most abundant at station 84 in Ungava Bay (soft bottom), and species in subgroups 5-la and 5-2 were most abundant at fine substrate stations on the continental slope. Species in groups 1-2c, 2-2b, 5-lb and 5-lc were largely cosmopolitan but had an apparent preference for fine substrate.
Two species that had an apparent substrate preference not indicated by the species grouping procedure were Zschnochiton albus and Lepeta caeca, which were associated with coarse or partially coarse' bottom substrate (stations 39A and 41). Deposit feeders such as Nuculanapernula, Yoldia spp and Nucuh delphinodonta occurred only in fine substrate.
Species Diversity
This study identified 492 species of molluscs, echinoderms, crustaceans, and polychaetes. Many species were present in low abundance at a small number of stations, mainly in only one grab at a station. A complete list of taxa and their abundance is found in MacLaren Marex (1978, 1979) .
Most stations had a moderate Shannon-Wiener diversity of from 3.65 to 4.96 bitshndividual (Table 4 ). The lowest were recorded at stations 22 and 82 (1.04 and 2.1 1 bitshndividual respectively), and the highest at stations 27, 39A and 41. The highest diversity usually occurred at stations having high total number of species.
The variability of estimates of Shannon-Wiener diversity at each station was small (standard deviation of 7-25% of the mean at all stations except station 22) ( Table 4) . As expected, the average diversity calculated for each station was lower than that calculated from the pooled species information from each station (Pielou, 1974) .
Many species occurred in small numbers, often singly, at a station. As a result Pielou's Evenness (J') was high for most stations (only four measured below 0.70). Evenness is a measure of how the total number of individuals in a sample is distributed among species, with a value of 1.0 indicating the presence of the same number of individuals for each species present.
DISCUSSION
The faunal analysis conducted in this study quantitatively supports the contention that groups of marine benthic organisms in the waters off southeast Baffin Island can be associated with particular water masses and temperature regimes. The patterns observed appear to be more consistent with water mass and temperature distributions than with substrate distributions. However, too few stations were sampled, particularly in areas of high substrate variability such as Ungava Bay, to adequately assess the role of substrate.
The roles of temperature, water mass, and substrate in determining the distribution of benthic invertebrates in arctic and subarctic marine environments have been major topics of speculation among biologists for many years. Both bottom water temperature and water mass origin have been used as criteria for the establishment of zoogeographic and faunal boundaries, and water temperature accounts for the phenomenon of arctic submergence of cold water faunas at temperate latitudes (Ekman, 1953) . The geographic overlap of species can be explained by the fact that a species can have different vegetative and reproductive temperature requirements and thus can exist under several regimes where it coexists with another species but only reproduces in one (Ekman, 1953) . Water mass origin affects invertebrates both in terms of par- ticular temperature and salinity regimes and because the movement of water masses often leads to dispersal of species, chiefly of those-having planktonic larval stages (Thorson, 1957) . Substrate generally affects small-scale distributions .of species through adult substrate requirements and through choice .of particular types of substrate even at the larval settlement stage (Wilson, 1953) . Many of the dominant species inthe present study ( Table 5 ) have been observed a s community dominants elsewhere. The bivalve mollusc Mucoma culcareu dominated in terms of standing crop at station 84 in Ungava Bay, as it does in widely distributed cold, shallow-.water arctic and ' subarctic environments. (Thorson, 1957) and also .in waters off north Baffin Island (Ellis, 1960) .. The.bivalves Buthyurcu pecttrnculodes and Asturte crenutu were important in both numbers and standing crop at most of the deep-water stations in the .present study, as they were in an Asturte-Buthyurcu community (A. crenutu and B. gluciulis) described by Thorson (1957) from shallow water off -East Greenland.
Dense patches of the ampeliscid amphipod Huploops. tubicola (stations 22 and 49, up to 1850 and 3680 individuals-m-' respectively) have also been found in Danish waters (Thorson, 1957) and off Scotland (Allen, 1953) , while Huploops and. Byblis species have been observed to characterize slope areas, as is the case with stations 22 and 49 (Mills, 1971) . In addition communities consisting of numerous Ampeliscu species have been observed in the Sea of Japan (A. macrocephulu densities up to 14 500.m-') and they occur in Danish waters as well (Thorson, 1957) . At station 49 in the present study many of the amphipod species present in addition to Huploops were ampeliscids.
Foraminifera, chiefly Rhubdamminu sp., were observed at all the deep Davis Strait stations (MacLaren Marex, 1978 Rowe et al., 1975) and were of the same order as in the deep ocean (5 bitshndividual for polychaetes and bivalves only - Sanders, 1968) . The level of diversity may reflect the importance of subarctic and temperate influences on the fauna of the region, as opposed to a strictly arctic influence, which would result in low diversity (Margalef, 1977) .
The small number of species and individuals observed at station 4 may be due to the peculiar substrate observed there, a fine brown ooze containing large amounts of sponge spicules. Fine brown oozes off arctic fjord mouths may foster low invertebrate standing crop (Curtis, 1975) and numbers of species and individuals may be reduced as well.
